Background Non-adherence to hemodialysis (HD) is associated with increased morbidity and mortality. In this crosssectional study, we compared correlates and rates of non-adherence between the US and Japan to determine if differences in patient knowledge about HD might account for international variation in adherence. Methods We evaluated 100 US and 116 Japanese patients on maintenance HD. Patient knowledge was scored based on the identification of their vascular access, dry weight, cause of kidney disease, and ≥ 3 phosphorus-and potassium-rich foods. Patients were considered non-adherent if they missed > 3% of HD sessions in 3 months. Results 23% of the US and none of the Japanese patients were non-adherent. Using logistic regression, we found that in the US non-adherence was more common in black patients [Odds ratio (OR) 3.98; 95% confidence interval (CI) 1.42-11.22], while high school graduates (OR 0.20; 95% CI 0.05-0.81) and those on the transplant waiting list (OR 0.25; 95% CI 0.083-0.72) were less likely to miss their treatments. There was no significant association between knowledge and non-adherence in the US. However, Japanese patients had significantly higher levels of HD knowledge than US patients after adjusting for age (p < 0.001). Conclusion Age-adjusted HD knowledge was higher and non-adherence rates were lower in Japan vs. the US. However, because of the unexpected finding of 100% adherence in Japan, we were unable to formally test whether knowledge was significantly associated with adherence across both countries. Further research is needed to understand the reasons behind the higher non-adherence rates in the US.
Introduction
Hemodialysis (HD) is a life-saving procedure for patients with end-stage kidney disease (ESKD). However, some patients skip dialysis sessions, which puts them at an increased risk of hospitalization and death [1] [2] [3] . Improved adherence to prescribed dialysis may decrease morbidity and mortality, but this goal cannot be achieved without each patient's better understanding of and motivation for HD treatment.
During the 2012 Hurricane Sandy disaster in New York City (NYC), stranded patients presented to our emergency room at Beth Israel Medical Center [now Mount Sinai Beth Israel (MSBI)] requesting urgent HD [4] . However, most had no knowledge of their HD prescription, dialysis physician's names, target weights, Hepatitis B status, or comorbid diseases, complicating the triage process [5] . This experience made us aware of the large gap between what patients actually know and what physicians expect them to know in the United States. Japanese nephrologists noted that after the Great East Japan Earthquake and Tsunami in 2011 inadequate understanding of dialysis needs was also an issue, but mainly for older dialysis patients. Both Japan and the US governments provide ESKD patients with access to long-term life-saving renal replacement therapy. However, Japan's dialysis patients have a much higher rate of survival: unadjusted 5-year survival was 60% in Japan but only 39% in the US for patients who started dialysis in 2004-2008 [6] . Different practice patterns between the US and Japan may in part account for the observed mortality difference, including shorter treatment times, more frequent use of tunneled catheters, and staffing of dialysis units with more technicians rather than nurses in the United States [7] . It may also be due to a higher rate of non-adherence to HD in the US. The dialysis outcomes and practice patterns study (DOPPS) found that the 7.9% of US patients skipped one or more HD sessions/month compared with only 0.6% in Japan [1] . It is unclear if a difference in patient knowledge about HD may contribute to differences in outcomes because international comparisons of patient knowledge have not been well studied to date. To bridge this gap, we compared levels of patient knowledge about HD as well as other correlates and rates of non-adherence between the US and Japan in this cross-sectional study to determine if differences in knowledge might account for international variation in adherence.
Materials and methods

Design and setting
We conducted this international cross-sectional study at outpatient-based hemodialysis centers in the US (one center in NYC) and Japan (three centers in Tokyo with different owners/providers) from March 2013 to November 2013. After written informed consent was obtained, data were collected using both patient interviews and chart review. Data collection procedures were performed under the same conditions using the same instruments in the respective language of each country. This study was reviewed and approved by the Mount Sinai Beth Israel Institutional Review Board and the Tama Medical Center Research Ethics Committee.
Study population
We recruited patients in-person from the participating dialysis centers during their HD treatments. All study patients were 18 years of age or older, spoke English or Japanese fluently, and had been on in-center chronic HD treatment three times a week for at least 3 months. Patients with neurocognitive impairments were excluded.
In total, 226 patients were enrolled in this study (Fig. 1 ). In the US, of the 134 patients screened, 26 did not meet the eligibility criteria and eight declined to participate. In Japan, all of the 116 patients who were screened were eligible and participated.
Patient interviews
Patients participated in 1:1 in-person structured interviews during their HD treatment. The interview guide was developed specifically for this study (Supplemental Table S1 ). It assessed four domains:
1. sociodemographic factors such as race/ethnicity, marital status, level of education, occupation, smoking status, living situation, and meal preparation; 2. history of kidney disease, including number of years treated for chronic kidney disease (CKD), CKD etiology, transplant waiting list status, number of times seen by a dietician or nephrologists in the past 3 months, and medication adherence; 3. knowledge of HD, including vascular access, dry weight, cause of kidney disease, and ≥ 3 phosphorus and potassium rich foods, with scores ranging from 0 (low) to 5 (high) ( 
Assessment of dialysis adherence
Attendance records were reviewed for each patient.
Patients were considered non-adherent if they skipped more than 3% of their scheduled dialysis sessions in a 3 month period, as defined in previous studies [8] . We excluded sessions missed due to scheduled vacations or doctor's appointments if patients had arranged in advance to make-up that session at a different facility or on a different day. We also excluded HD treatments that occurred during hospitalizations. 
Statistical analysis
We assessed differences in participant characteristics between the two countries and adherent vs. non-adherent US patients using t tests for normally distributed continuous variables, and Mann-Whitney tests for non-normally distributed continuous variables, and χ 2 tests for categorical variables. Continuous data are reported as mean ± standard deviation if normal and as median and interquartile range (IQR) if not. Categorical data are reported as frequencies and percentages. Because age was correlated with knowledge score and the Japanese population was significantly older than the US population, we used linear regression to estimate both unadjusted and age-adjusted associations between country (Japan vs. US) and knowledge score.
In the US subsample, logistic regression was used to identify correlates of non-adherence. The association of total knowledge score with non-adherence was explored using multivariable logistic regression models adjusting for variables which were identified in univariate analysis to be significantly correlated with non-adherence. Similar multi-variable analyses were done to assess the association between black race and non-adherence as well. Statistical analyses were performed using the statistical software packages SAS University Edition (SAS Institute, Cary, NC, USA). For all analyses, p value of < 0.05 was considered statistically significant.
Results
Patient characteristics
Patient characteristics are shown in Table 2 . Japanese patients were significantly older than US patients, with a mean age of 66 vs. 57. They also were more likely to be married, living with their families, and have meals cooked by their families than US patients. However, only 81% of Japanese patients completed high school, while 91% of US patients were high school graduates. Japanese patients were both on HD and had known CKD prior to HD about 2-3 years longer than US patients, but were less likely to be waitlisted for transplant despite being seen six times more frequently by physicians than the US patients. Compared to their US counterparts, Japanese patients weighed less, had a higher percent weight gain, and longer treatment times. Although they had slightly lower hemoglobin and albumin levels than US patients, Japanese patients also had lower phosphorus and parathyroid hormone (PTH) levels. There were no differences in Kt/V or potassium level between the two countries.
In terms of treatment adherence, none of the Japanese patients but 23% of US patients were non-adherent. Among the patients who were non-adherent, the median number of missed dialysis sessions over 3 months was 5 (IQR 3-9). We reported the characteristics of the US patients by their adherence status in Table 2 . Non-adherent US patients were more likely to be black, have lower educational backgrounds, and have longer treatment lengths than adherent US patients, but were less likely to be on the transplant waiting list. However, there were no statistically significant differences in laboratory results between adherent and non-adherent patients.
Patient knowledge about HD
The scores for each knowledge question as well as the total knowledge score are listed in Table 3 . While the vast majority of patients knew their vascular access, only 65% of US patients knew their dry weight compared to 81% of Japanese patients. Only two-thirds of patients knew the cause of their kidney disease, only half could name three or more potassium-rich foods, and less than half could name three or more phosphorus-rich foods.
In unadjusted analyses, the only significant difference in knowledge between the two countries was that Japanese patients were more likely to know their dry weight (Table 4) . However, in both countries the total knowledge score was inversely correlated with age (β = −0.05, p = < 0.001 in Japan, β = −0.05, p = < 0.001 in US) as shown in Supplemental Figure S1 . Since the Japanese subsample was significantly older than the US subsample, we adjusted the scores for age. After age adjustment, US patients were still significantly less likely to know their dry weight, but they were also less likely to be knowledgeable about phosphorus-rich foods and to have lower total knowledge scores ( Table 4) .
Correlates of non-adherence in US patients
We identified various correlates of non-adherence in the US population (Fig. 2) . In unadjusted analyses, black patients were nearly four times more likely to be non-adherent than non-black patients (OR 3.98, 95% CI 1.42-11.22), while high school graduates (OR 0.20, 95% CI 0.05-0.81) and patients on the transplant waiting list (OR 0.24; 95% CI 0.083-0.72) were less likely to be non-adherent. Black race remained significantly correlated with non-adherence after adjusting for each of the following variables: age, high school education, HD session length, and transplant waitlist status (Table 5) . Other sociodemographic factors, dialysisrelated characteristics, laboratory results, and satisfaction score were not significantly related to non-adherence. Likewise, none of the knowledge scores were associated with non-adherence even after adjusting for various potential confounders (Table 6 ). 
Comparison of satisfaction and concerns between Japan and US patients
Scores for satisfaction with dialysis treatments were higher in the US. (median 9.0, IQR 8.0-10.0) compared to Japan (median 8.0, IQR 7.0-10.0) ( Table 3 ). There was no difference in satisfaction between adherent and non-adherent US patients.
Major patient concerns regarding HD treatments are listed in Table 7 . The most common concern was "blood pressure change during HD" in Japan (reported by 41% of patients) and "muscle cramps" in the US (reported by 43% of patients). In the US cohort, a higher percentage of non-adherent patients complained of any type of physical symptoms, such as muscle cramps, pains, and itching, compared to adherent patients (74 vs. 55%), but the difference was not statistically significant. Physical symptoms were the main concern for more than half of both Japanese and US patients (53 and 59%, respectively).
Normally distributed variables are listed as means +/− SD and non-normally distributed variables as listed as median (IQR)
CKD chronic kidney disease, HD hemodialysis, PTH parathyroid hormone, TSAT transferrin saturation a Patients were considered non-adherent if they missed more than 3% of this dialysis sessions in a 3 month period b Higher scores indicate more knowledge or satisfaction 
Discussion
In this study, we compared levels of dialysis-related patient knowledge and non-adherence to HD treatments between patients on chronic HD in Japan and the United States. We found that non-adherence was more common in the US even though the US cohort had a higher educational background and was more satisfied with their HD treatments than the Japanese cohort. The Japanese population had stronger social support (as measured by marital status, living situation, and meal preparation) and a higher total knowledge score after age adjustment. While this suggests that increased knowledge about HD may contribute to Japan's higher rates of adherence, we were unable to formally test this hypothesis because there were no nonadherent Japanese patients. Within the US, however, HD-related knowledge scores did not differ between non-adherent and adherent US patients even though lower educational background was a risk factor for non-adherence. Our finding of no association between knowledge and adherence concurs with a similar report which showed that knowledge of dietary restrictions were not predictive of dietary compliance in HD patients [9] . Our result suggests that it might be the socioeconomic factors associated with lower educational background, such as low income, rather than low levels of HD-related knowledge, that is driving treatment non-adherence in less educated US patients. For instance, patients with lower educational backgrounds might be more likely to have part-time jobs with erratic schedules leading to missed dialysis sessions despite a high level of knowledge about their disease. Another potential explanation for our result is that our knowledge questions did not accurately assess the overall amount of knowledge that patients possessed. Notably, an Iranian study of 58 hemodialysis patients showing that educational interventions for HD patients improved both knowledge and adherence scores used different measures to assess both knowledge and adherence [10] . Still, the large gap between what patients understand about their kidney disease and what physicians expect them to know is striking. Wright et al. surveyed 401 patients in a US CKD clinic and found that more than a third of the participants did not know that the kidney makes urine, or that they had CKD [11] . Disease-related knowledge was also limited in many of the patients in both countries in our study even though all of them visit HD centers thrice weekly and have had many interactions with doctors, nurses, and dieticians for years. We cannot expect patients to effectively manage their health without a clear understanding of their disease. Although lack of knowledge did not associate with treatment non-adherence in the US in this study, it may still affect other important outcomes not measured in this study, like hospitalization and mortality rates. Non-adherence was more common among black patients, which was consistent with previous large-scale studies [1] [2] [3] 8] . Though it is known that low socioeconomic status contributes to the high incidence and prevalence of ESKD among ethnic minorities [12] , its role in dialysis adherence has not been clearly defined [2] . We found that black race was a risk factor for non-adherence independent of education level. This suggests that low socioeconomic status may not be the major cause of non-adherence in black patients. In addition, the fact that adjusting for transplant waitlist status did not appreciably change the risk of non-adherence implies that lack of access to healthcare is not the factor driving non-adherence in this group of patients since being waitlisted for transplanted is tightly correlated with better access to care. We speculate that cultural differences in attitude towards HD may play a role in adherence. A single-center study of 77 patients showed that white patients on HD had more positive attitudes towards medication compliance than did African American patients on HD [13] . There may be similar differences in patient perceptions and attitudes about HD between races.
Likewise, cultural differences between Japan and the US may explain why all of the Japanese patients were adherent. Japanese patients had stronger social support, and this family support might be contributing to Japanese patients' positive attitudes towards, and thus adherence to dialysis. In addition, compared to the US, Japan is racially and culturally homogeneous. This might make it easier for Japanese health care providers to address adherence issues since they share the same cultural background as their patients.
Unique aspects of the Japanese medical system may also promote adherence among its patients. For instance, one of the HD centers in Tokyo has an online system where each patient can access his or her laboratory results, latest dialysis prescription, and current medication list. Being exposed to their own medical information repeatedly could have motivated those patients to learn more about HD, track their progress, and attend all of their treatment sessions. Another systematic difference between two countries is that Japanese patients at the same HD center are managed by one physician who is almost always present at the HD center, while most US patients have different physicians who are only intermittently available during the patients' treatments. This difference may influence patients' perceptions of being monitored closely, which could impact their motivation to show up for their treatments. Interestingly, though, satisfaction scores were higher in the US than in Japan. This may reflect cultural differences in how patients rate satisfaction in both countries, or it may simply mean that satisfaction is not related to adherence.
There are several limitations to this study. First, this is a cross-sectional study and causality cannot be inferred. There is a lack of generalizability due to the small number of facilities in a single geographic area of each country (one in NYC and three in Tokyo) and limited diversity (only English or Japanese speaking patients were enrolled). We also excluded patients with cognitive impairment, which may be a contributing factor to adherence. We did not have detailed socioeconomic data, such as income or type of health insurance. The timing of the blood draw was also different between two countries; Monday or Tuesday in Japanese facilities and Wednesday or Thursday in the US facility. Thus, the true differences of serum potassium and phosphorus between two groups might have been masked. The questionnaire and knowledge score were developed specifically for this study, and were not validated. We also did not have the power to adjust for multiple potential confounders in the same model or to test for effect modification. Finally, we were unable to formally test whether a difference in patient knowledge between the two countries accounted for the difference in no-adherence rates because there were no non-adherent Japanese patients. These limitations should be weighed against the strengths of this study, which include the international comparison of adherence and knowledge in a relatively large sample.
In conclusion, we found that non-adherence to HD was more common and age-adjusted levels of patient knowledge about HD were lower in the US than in Japan. Although this may hint that differences in knowledge might explain the variance in adherence seen between the countries, we could not statistically prove our hypothesis because of the 100% adherence rate among the Japanese patients. There are likely many other cultural factors that affect adherence as well. Further qualitative studies are needed to better understand the reasons behind the higher non-adherence rates in the US.
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